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一、中文摘要








    In this research, an analytical approach 
is presented for investigating the dynamic 
response of bridges with elastic bearings due 
to high-speed trains.  To simplify the 
present study, the bridge is modeled as a 
beam-like structure and supported by two 
identical elastic springs, while the train 
moving over it is modeled as a sequence of 
moving loads with constant intervals.  The 
present results indicate that the elastic 
bearings inserted at the supports of the bridge 
can significantly increase the bridge response 
when subjected to the moving loads at certain 
speeds, which is harmful to the riding 
comfort or maneuverability of the train.
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其中 m = 梁的單位長度質量，EI = 梁的撓
曲斷面性質，u = 梁的變形 [ = u(x, t) ]，N
為已通過橋梁左端點的列車移動載重總
數；d為 Dirac Delta 函數，tk 代表第 k 個
移動載重進入橋梁左邊端點的時刻 (即 tk
= (k–1)d/ v )，H(t–tk) 則為單位階梯函數




(0, ) ( , ) 0
(0, ) ( , ) (0, )
u t u L t
EIu t EIu L t Ku t
¢¢ ¢¢= =
¢¢¢ ¢¢¢= - = -
  (2a-d)











( , ) ( ) ( ) ( )
1













2 (1 ) ( , )
( ) ( )




p F v t























           (5)
w0=簡支梁基本振頻=(p/L)2 (EI/m)1/2，而廣
義力函數 Fk (v, t)則為
( )
( , ) sin ( )
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與(5)式的近似基本振頻作一比較，其結果
如圖 3 所示，從圖中顯示，(5)式與(7)式的
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而W = 車體對橋梁驅動頻率(= pv/L)，S












(8)式的分母項：sin(wd/2vres) = 0 時、或是
Sres = d/(2nL)，n = 1,2,3… ，則由 L’Hospital
法則知道，(9b)式將可以改寫成：




( ) ( )2
cos / 2






k p - =
-
   (10)
此時列車通過橋梁後，橋梁反應將與前面
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23 30 1.4 x 108 0.24 35.1
27 32 2.0 x 108 0.20 29.9
圖 4 為上述 23 公尺的橋梁在次共振尖








而定，這點可由圖 5 及圖 6 的梁變形衝擊
反應關係圖（I-S 圖）得知。從 I-S 圖中，
可知引進彈性支承，對於梁的衝擊反應而
言，在大部分的運轉車速下，其反應仍以
放大現象居多。惟只有在 27 公尺橋 S = 
0.2~0.25，隔震橋反應較簡支橋反應小，主
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Span Length = 23 m (Sres = 0.272)
Simple Beam (Analytic)
Elastically Supported Beam (Analytic)
Finite Element Solutions
圖 4  23m 橋受序列載重反應歷時圖














Span Length = 23 m
Simple Beam
Elastically Supported Beam
圖 5  23m 橋衝擊反應關係圖













Span Length = 27 m
Simple Beam
Elastically Supported Beam
圖 6  27m 橋衝擊反應關係圖
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Simple Beams (L = 23 & 27 m)
圖 7  車體最大加速度反應
